Summary
Introduction
to environmental stimuli (Yokawa et al., 2018; 2019) . General anaesthetics (e.g., diethyl 121 ether) are often defined as compounds that induce a reversible loss of consciousness in 122 humans or loss of righting reflex in animals. Anaesthesia can also be defined as loss of 123 responsiveness to environmental stimuli. Clinical definitions are extended to include the lack 124 of awareness to painful stimuli, which is sufficient to facilitate surgical applications in clinical 125 and veterinary practice (Franks, 2008) . The primary site of general anaesthetic action in 126 animals and humans is the central nervous system, where these molecules enhance inhibitory 127 neurotransmission or inhibit excitatory neurotransmission (Zhou et al., 2012) . Although plants
128
do not have neurons and lack a central nervous system, they are able to generate electrical 129 signals (Fromm and Lautner, 2007; Hedrich et al., 2016) . Claude Bernard (1878) but also induce physiological processes in ordinary plants (Fromm and Lautner, 2007;  135 Mousavi et al., 2013) . Interestingly, our recent study showed that inhibition of rapid trap 136 closure in Venus flytrap by the general anaesthetic diethyl ether is caused by inhibition of 137 electrical signalling. There were no toxic impacts of the anaesthetics used, and the effects 138 were fully and rapidly reversible after their removal.
139
Although carnivorous plants still do not belong to the model group of plants, the 140 signalling events described above indicate that Venus flytrap is a suitable model for studying 141 inducibility and plant responses to external stimuli under anaesthesia due to its rapid trap 142 movement. Considering the tight coupling between electrical signal propagation and 143 jasmonate signalling in carnivorous plants (Böhm et al., 2016a; Bemm et al., 2016; Krausko 144 et al., 2017) , we hypothesize that anaesthesia can impair not only rapid trap movement 145 triggered by APs but also the cascade of jasmonate signalling events leading to activation of 146 the digestive process. Our study showed that the Venus flytrap cannot sense potential insect 147 prey or a herbivore attack under anaesthesia due to blocked jasmonate signalling.
148

Materials and Methods
149
Plant material and culture conditions 
159
Experimental setup 160 The Venus flytrap plants were incubated in 15% diethyl ether for 2 h in a polypropylene bag.
161
This was sufficient to anaesthetize the plants, as we found in our previous study, and the 162 plants did not react to mechanical stimulation by rapid trap closure (Yokawa et al., 2018) . immediately (within 10 seconds) frozen in liquid nitrogen and stored at -80°C until analysis.
204
Ten minutes after diethyl ether removal the remaining traps on plants were mechanically 205 stimulated to be sure that plants were only anaesthetized and not dead (the traps had to close).
206
Quantification of JA, JA-Ile, JA-valine (Ja-Val), cis-12-oxo-phytodienoic acid (cis-OPDA), 207 9,10-dihydrojasmonic acid (9,10-DHJA), abscisic acid (ABA), salicylic acid (SA), indole-3-208 acetic acid (IAA) was performed according to the method described by Floková et al. (2014) .
209
Briefly, frozen plant material (20 mg) was homogenized and extracted using 1 mL of ice cold (Schulze et al., 2012; Risør et al. 2016 ) and chitinase I (Paszota et al., 2014 device, and the relative changes in gene expression were estimated according to Pfaffl (2001) .
268
All samples for PCR experiments were analysed in four biological and three technical 269 replicates.
270
Western blotting
271
To detect and quantify cysteine protease (dionain) and type I chitinase, polyclonal antibodies 272 against these proteins were raised in rabbits by Agrisera (Vännäs, Sweden) and Genscript
273
(Piscataway, NJ, USA). The following amino acid sequences (epitopes) were synthesized:
and chitinase I, (NH 2 -) CTSHETTGGWATAPD (-CONH 2 ) (Genscript, Piscataway, NJ,
276
USA), as we described previously . All sequences were coupled to a 277 carrier protein (keyhole limpet hemocyanin, KLH) and injected into two rabbits each. The
278
terminal cysteine of the peptide was used for conjugation. The rabbit serum was analysed for 279 the presence of antigen-specific antibodies using an ELISA. In our previous study, we found that the jasmonate tissue level in Venus flytrap was the 316 highest within the first two hours of stimulation . Therefore, we chose 317 this time point for phytohormone analysis under anaesthesia. We found a clear activation of 318 the JA signalling pathway for both mechanostimulation and wounding, consistent with our 319 previous study . There was more than a 300-fold increase in the JA 320 tissue level for both types of stimulation in the air (Fig. 3A, I ). The bioactive compound JA-
321
Ile increased 23-and 13-fold in response to mechanostimulation and wounding, respectively genes gradually increased over 48 hours (Fig. S3A, B) . The protein product of these genes 340 was detected in digestive fluid after 48 hours (Fig. S4 ). Based on these results, we chose the 341 shortest possible time point, where the upregulation of gene expression was evident, to 342 investigate the effect of anaesthesia. In this experiment, plants were exposed to diethyl ether for two hours, and the traps were mechanostimulated or wounded for the next two hours. The 344 diethyl ether was removed, and the traps were sampled 10 hours later (12 hours after the first 345 mechanostimulus, Fig. S1A) . Fig. 4 traps were sampled for qPCR (Fig. S1B ). (Fig. 5A) ; however, at the six-hour time point, the increase was not statistically 360 significant in the experiment depicted in Fig. S3A . This result is consistent with the finding 361 that chitinase I expression increased earlier (somewhere between 2-6 hours) than dionain
362
(between 6-12 hours, Fig. S3 animals (Martin et al., 1995; Patel et al., 1999; Krasowski and Harrison, 2000; Zhou et al., 405 2012 (van Bel et al., 2014; Hedrich et al., 2016) . Indeed, AKT2 modulates tissue excitability and
439
GORK shapes APs in Arabidopsis (Cuin et al., 2018) . Diethyl ether activated another 440 potassium channel, TREK-1, causing hyperpolarization of the membrane in mammals and inhibiting excitability (Patel et al., 1999; Peyronnet et al., 2014 transporter (ALMT, Ramesh et al., 2015; Žárský, 2015) . Activation of ALMT results in GABA interaction (Ramesh et al., 2015) . This finding decreases the probability that diethyl (1899), Overton (1901) , and Lerner et al. (1997) are relevant in the case of plants.
464
There is an intriguing parallel to the effects of anaesthetics on animals and humans. prostaglandin synthesis in animals is mimicked in plants by a similar pathway that leads to the 473 synthesis of jasmonates (Pan et al., 1998) . We do not claim that plants feel pain, but they use structurally similar molecules as warning signals. We believe that the suppression of jasmonate accumulation under anaesthesia is mediated by the inhibition of electrical 476 signalling, which is tightly coupled to the JA response in ordinary (Mousavi et al., 2013; 477 Toyota et al., 2018) and carnivorous plants (Böhm et al., 2016a; Bemm et al., 2016) .
478
However, the mechanism of action strongly differs between animals and plants. jasmonate accumulation in ordinary plants (Herde et al., 1996; Maffei et al., 2007;  487 Mousavi et al., 2013 genes and genes involved in cell division and expansion (Stintzi et al., 2001; Światek et al., 493 2002; Giri et al., 2006; Pauwels et al., 2009; Attaran et al., 2014) . Plants with constitutively 494 activated JA signalling (e.g., cev1) exhibit stunted growth (Ellis and Turner, 2001 ).
495
Additionally, plants with activated JA signalling in an herbivore-free environment have 496 decreased seed production (Baldwin, 1998; Cipollini, 2006 (Ryu and Wang 1996; Wang et al., 2000) . Calcium is involved in 512 the generation of APs in Venus flytrap, and its increased level in the cytoplasm was detected 513 after the third AP (Hodick and Sievers 1988; Krol, 2006; Escalante-Pérez et al., 2011) Black bars -mechanostimulation, red bars -wounding. Means ± S.E., n = 4. There were not significant differences between APs generated in response to wounding and mechanical stimulation. Student t-test between control and mechanostimulation and control and wounding in the air or diethyl ether are denoted by asterisks at P < 0.01 (**), P < 0.05 (*). Relative expression of chitinase. Mean expression ± S.E. from four biological replicates (n = 4). Significant differences evaluated by two-tailed Student t-test between control and mechanostimulation and control and wounding in the air or diethyl ether are denoted by asterisks at P < 0.01 (**).
